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1. INTRODUCTION 

Two ongoing spaee missions share the seientifie objeetive of mapping the global Sea Surfaee Salinity (SSS), yet 
their observations show signifieant diserepaneies. ESAs Soil Moisture and Oeean Salinity (SMOS) and NASA's 
Aquarius use L-band (1.4 GHz) radiometers to measure emission from the sea surfaee and retrieve SSS. 
Signifieant differenees in SSS retrieved by both sensors are observed, with SMOS SSS being generally lower than 
Aquarius SSS, exeept for very eold waters where SMOS SSS is the highest overall. Figure 1 is an example of the 
differenee between the SSS retrieved by SMOS and Aquarius averaged over one month and 1 degree in longitude 
and latitude. Differenees are mostly between -1 psu and +1 psu (psu, praetieal salinity unit), with a signifieant 
regional and latitudinal dependenee. We investigate the impaet of the viearious ealibration and retrieval algorithm 
used by both mission on these differenees. 

2. DIFFERENCES IN SMOS AND AQUARIUS ALGORITHMS 

One notable differenee between the two missions is the dieleetrie eonstant model used for the sea water. SMOS 
uses the model of Klein and Swift (1977) [1] and Aquarius uses the model of Meissner and Wentz (2012) [1]. 
Although similar, the two models are different, espeeially in eold water (Fig. 2, left). The dieleetrie eonstant 
model is used at two stages of the data proeessing: 1/ to ealibrate the instruments by eomparing radiometrie 
measurements to forward model simulations, and 2/ to invert SSS from surfaee brightness temperature (Tb). In 
order to assess the impaet of the dieleetrie eonstant model on the differenees observed in SSS between SMOS and 
Aquarius, we reproeess the Aquarius data using the model used for SMOS. Speeifieally, we use the Klein and 


Swift model for the referenee oeean used in the ealibration of Aquarius; then we used it again, keeping all other 
faetors the same, to perform the inversion to obtain SSS. 
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Figure 1: Global map of the differenee in SSS between SMOS Level 3 (LOCEAN) produet and Aquarius 
Level 2 produet binned monthly at 1 deg x 1 deg spatial resolution, for the month of January 2013. The 
eolorseale is saturated between - 1 psu and + 1 psu. 


Another differenee between the two missions eoneerns the viearious ealibration. SMOS Oeean Target 
Transformation (OTT) uses eomparisons between measured Tb’s and forward model simulations over a limited 
region in the Paeifie Oeean to remove biases in its field of view [3]. Aquarius performs a similar eomparison at 
global seale [4] . The referenee SSS for the simulations is the World Oeean Atlas (2009) for SMOS [5], the 
HYbrid Coordinates Oeean Model (HYCOM) for Aquarius [6]. We assess the differenee in the referenee salinity 
fields that are used to ealibrate both instruments. 


3. RESULTS 

The two dieleetrie eonstant models exhibit differenees of less than a pereent, but this uneertainty results in 
differenees in Tb of the order of a few tenths of a Kelvin (Fig. 2, left). The differenees between Aquarius original 
data and data reproeessed with SMOS permittivity model vary mostly within 0.5 psu at global seale, with a few 
larger regional variations, for example in eold waters (Fig. 2, right). Seasonal variations oeeur at mid and high 



latitudes. Aquarius and SMOS differences exhibit dependence in temperature (Fig. 1), which is reduced when 
Aquarius data are reprocessed with SMOS’s permittivity model. We find that the permittivity model explains part 
of the differences between both instruments, particularly in cold waters, but some significant disagreement 
remains. 
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Figure 2: (left) Tb difference at vertical polarization for a smooth sea surface (i.e. Fresnel reflectivity) caused 
by differences in sea water dielectric constant model, computed between KS77 [1] and MW12 [1] models, 
versus Sea Surface Salinity (SSS) in psu and Sea Surface Temperature (SST) in Celsius. The incidence angle is 
38 degrees, (right) Global map of the difference in Aquarius SSS (psu) for one week in early February 2012 
caused by differences in dielectric constant models. The difference is between our reprocessed Aquarius data 
and the official Level 2 product. We compute the reprocessed data using the KS77 model for the calibration 
and the inversion of the Level 2 data into SSS. The official product uses MW 12 for the calibration and 
inversion. 


The differences in the reference SSS field are most of the time relatively small, but not always negligible (Fig. 3, 
left). Large regions of the ocean exhibit differences of just 0.1 K or less. However, regionally, differences can be 
larger (1 psu or more) and are variable in time. The difference in the region used for SMOS calibration varies 
between -0.1 psu and +0.05 psu since Aquarius started operating (Fig. 3, right). 


1. CONCLUSION 

We assess the impact of the difference in dielectric constant model and reference salinity field on the difference in 
retrieved SSS between SMOS and Aquarius. We find that the dielectric constant has a large impact mostly in cold 
waters. Differences in reference SSS fields are small in general, but could explain biases of 0.1 psu at times. This 




research is ongoing and will address the differences in reference fields for the sea surface temperature. Ultimately, 
a processing similar to SMOS will be applied to Aquarius data to assess the impact on SSS retrieval of several of 
the differences in the two instruments algorithms. 
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Figure 3: (left) Global monthly map of the differences in SSS (psu) between the two different ancillary 
products used in the calibration of Aquarius and SMOS. The difference is between the HYCOM model (used 
for Aquarius) and the World Ocean Atlas 2009 (used for SMOS). The red square in the south of the Pacific 
Ocean off the coast of South America illustrates the region used for the calibration of SMOS SSS product (i.e. 
the Ocean Target Transformation), (right) Time series of the average (mean and median) and standard deviation 
of the difference in SSS between HYCOM and WOA09 over the Ocean Target Transformation (OTT) region 
since the start of the Aquarius mission (Aug 2011 - Nov 2013). The vertical dashed lines part the different 
years. 
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